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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a durability 
testing method of coating 

member and a test device therefor that enable the 
sufficient simulation of the 

test condition of a coating member against the working 
condition of an actual 

machine, the investigation for more detailed damage 

mechanism of the coating 

member, and more accurate life evaluation. 

SOLUTION: The durability testing method of coating 
member is characterized 

by forming a temperature gradient simulating the 

temperature gradient to be 

formed by the temperature condition on the operation of 
an actual machine of 

the coating member, in the radial direction of the section 
of the test piece 4, 

by heatingihp ni itsidp nf a test piece 4 of the coating 
member forming a 

coating layer on the surface of a metallic base material 
with a hollow 
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cylinder-shape, and also cooling the inside by 

circulating_aj :oolant into a 

hollow thereof, and measuring the characteristics of the 

coating layer in this 

condition. 
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1 



&#^7)iSg^f+tz J: o T iBnX ^ iii> ^s^^ it! r L ?S 
-r < >7-7icot^'tt^ltiPil^i>vIt ^1r^gt^>l)3-f• 
[ if ;t<ig 3 ] mm 1 id^io 12 - T- < > rm^comi^. 

^-9-1]m}c£,. yyr^mwmti. u-^~m^:tk. 

c7)v^-fn;^>rf$fflr^ c h ^r^rKt f -g) n-T- y^^ 

[if;i<ii6 ] is^RJH 1 tmcoa-r^ ^ y^^mc^mx 

mm.iimz^\ ^x . mtmm.)^c^'Fvmm.mz<m^'^^ 
m:'^Wihz.tizxn <fi^M ^ ^ 1+-^ -r ^ ^ ^ 
trhzi^f-^ yi^"^^<^miK.i^tmio '(^, 
m^mi ] tmm 1 tmcozi—f ^ y^'uvicomx 
mmi^mi.zi6\^x . tmmztm^9m<nnm%^ . 
^-"T ^ y9'um(om^mi^(r)mm^^mz\m'th 
X oizmm-thzt^'wm.t'thz}'-^ ^ y^/uncm 40 

I If ^xf 8 ] l§3}tJa 4 - 7 ^-ffiMztmo-) 3 — r 
Mfi <^ ct l/iE^:^ m 0 L it 4-^ >: 2: ^ 

imsan9] ^^m^k(r)'^mm^co^m^zzi^-r ^ y 

9"m^m^Ltzz}--r ^ yy^^cotm^c^^vmm'kDw 

^M^mM^LisbX]^mm^'(%m-th(%mmm.t. 
mi^<r^m-}5\^^z\m'^nt.rz{t^m-mm^n^''thm 50 



W^200 3-315253 
2 

[000 1 ] 

mMimmii'<ki6Xutmmm.{z{^Ji , m^^xv^m^ 

.\Li^mzmm^ixhzi-T < yym^ om ah o 

X 'imw^.j:mn^ ::^xi.m'^mh x 'o'mm^<r)m'^m 
mt^'^mzLtzzi-T- y 9^P{(r)tmjj'(k^x i/m 
m.mm.^zm-thh(^xhh. 

[0002] 

J: ^imiSLmiti:^^±-thmA'^'M^'&MizX 

i.ff-m^hixx^'^') . miwxm'm^Wim^hnx^^ 

muff^y.^'~\^ywmkmz^v^x\x. ma^^ 

$ ? n -I, t!? X ^ - f y c7;)ijjM . M ^ 

m-t^Mi^jK^m^Lfz'o . Mi^mmmzM^ X. h X 3tc 

[000 3] ±iimmm'jmn(7mx\t imma) 

±^-\i-^fzi^i.z^ trmm^^^i^comB.^^\^±^^ 
^m^tmti&^tix^fz. m^i^t. mi^zmi^m^^mmm 
w?4hLTN is-^^. com-^^ttziXF em-^^m 
t^hj^mmM'^'^comnmmmA.xisn . mmit^ 

[0004 ] L^'L^i)-h. ^im^com-^^^^o^f)-!^ 

M&mmi^zmx^ftmmmxit'^mM^nizx hit^ 
misrFt<^^L^^^zti)-C:>. 1 0 0 o*ci:J.±oi§i^jg 

[0005] ^zix\ ±mmconmmt lx , i^^.a 

-X-fV:^' (TBC : Thermal Barrier Coating) Srffl 

u\ m'l^'^ 1 - 1 8 9 9 3^'j>m^xi/n'j>w- 1 - 1 s 
9 9 4 ^{i^mizix. mB.-^^xh^m-^^mm^mmi.z 
^mm-^mt^xwT/u^^ (a 1 2 03 > m^ir-Lx^. 

y Lxm^Ltzm^MV^ir^?^^.-^ttX\^h. 
[0006] l.tm^Mti(nit^^zi-y^ ^ y9"m\±. m 
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[0007} m¥^h^h. ±idig.^::?~7" ^ >'^7i ( ^ 
^^io-^^. S:flM^ffitC^g«S^]^:/^tT^l^g•/&fl:^lll5tt. 

[00 08] 'i<r)m. mm^t&m^m.tmmth^ 

[00 09] //;7.y-tyg^p°D(ciiliffl$ii^ig5^. 

i\h^^^%^\mmmw^\.zm^'thts:^. mikm"^ 

z.t^m'^^zm^^ixx\^htm'n'S^xhh . 

[00 10] iMmmm\.z^\'^xm^tKp^mpy)i^ 

[i.r<^~^-M?^:1^^xhh. ^^^hhmMfj'yAzx 

[001 n 

^.n-i-^y9's^n(r)mmzULx{j. ±ii(^)^m<nm 
imm.f)-o-^^ y9'w^<nm!Km^m<^fz^{z—m^ 

ip'm^m&Lfzm^Mmi. nm^zit^-T- ^ yym<7y 

^m-m^TX'^m^tihtz^. ^<—r-izx->xm^u ^ 



1#B32 00 3-3 1 525 3 

m^m^K^.LX}^hTis.j%m^7)<-'^Lxv^KcyK ^ 

. m^,^^ncomx]izm\mx'm^-r^ z. t f)Wm 
xh ht^^o mM,^jph o fz ... 

(00121 mz\^^S.mif)m^^iritc^^X otci'^-t^ 

K■^^^T ^zh\ ^'X\X. =? - T ^ >' ^-li [^(c^>y£:b 

^i^tLxmi^.\ixmiz{^.-^i^tih. ^<r>fzch. m^^^ 
^i^xmi^M $- mm^t ^" ^ ^ ^ ^/c*^ , mmmcom 

[ 0 0 1 3 ] ^ ^^tc, 

mmm^'^j^i^z^^^^tm^j-^xzi^r- ^ >'^-g^^^^7)HiiE 

[00141 ^ffesm. _hiei^3Rc0Pu1II;SS:M?^-t^/;: 

ai«colS!^,::^v£io J: J/tmMm. ^ tMfft-r ^ h ^ a M h 
[00151 

{'mm^mikthfzisbco^m i^i^^im^-thtz 

'v(^mjtms.i^zmm^^'i.h%i(.^«^m^i:^^mL. ^ 

^"^^KcnmtLx . tnm:< /jzLXA^mwizLmmf^ 
ximK^m^mm^^^t^hfzMz{:i. m^x-coim 
mmi: t'com&+^izmmx-^x\^^h:b-^i)mw^j:m'^t 
^j:hztmmL. ^comm^i^ijtmm^Lfz. 
[00161 -ecoj^^. mzzi-r--i yi^'^^commm 
^mc^riSim^ mzx->xmfS.^tih '&mmi s: ^^m l fz 
is.^mi^tAm>^mmco'=¥A^:^\^izm&Lfzmiz. 
f- ^ yi^"mcomiK,'\m^mniK(.zm^x-^^-/j. 

^^mz<^mmi:mM'ttL}sbX{f^mm?:<^tii'rhzt 

cj: 0, ±m^fK'^R^^^^Lfzikmx'm^izmf^T 

^mtAm'^coMmtmmx-^ti^f . ? hf.z-^nm<^mm 
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coo 1 8] #JESW(i. ^^(3PF<5g$fL^(.^7rcii^i» 

1 --4%T i - 1 --5%A 1 -N i 15% 
Cr--6-'7%Fe-2. 5 %T i - 1 % N b - N i 
( f7lU<^\ m^Q^ : lNCONEL-738)^C7) 

coo 1 9 ) ifz^-'r^ yymtLx. -^msi^cto 

• or- i 0 o-'c^^s.commxmuxt h , 
coo 20] ^Lxi^m.m¥imM^zz}-r- < yym^m 

(T^^'i^-nmzi^j^miiym^i^^ix. ^m^mM.m^xz^^\.^ 30 

c 0 0 2 1 ] ±ie*Sf^«ii«^n-tfoiirf®iei^cooTii 

1^CcP^,-E$fi^ t>c7)Tii^o. L^^L^/?^v^, i^-T-^ 
C 0 0 2 2 ] ^7t:JbId3~-f- ^ v^'Sl^WcT^i^tAltlS^:^ 

m. j^^.^-'r ^ y:?'m^xr/mmn:3-f- ^ y^/mco 

[00 2 3] ±iicoioiz^mmmzmf&-rhz}'^^^ 
y^'mtLx. "^vmrnizm^^-y- ^ yym. 3^,^^- 

iL^B^'th-'n. p^mM^zm-kri-^ ^ y^'m^j^m. 
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'}^fK(7m^mtoXm&i^]S.<^)^mM^z^ix^'fiB^^ 

< y^mizx^i. mk)^(7)m\mznm'^\,z\m.'9h i 

t \^W^lX'hh. 

[00 24] iyymM(nWi!?J^mk 
h'mzh^.^X . mMtikm>^mi1iro-]izi±m^m^rz{i^\ _ 

c 0 0 2 5 ] irKchiozi^f i y yumyw^.<ry^mm 

mx\i- . ^mtc'^'^^[^(r>:^xtc < l t 

{■zt^t^hM'Ss'^-y}'^. imMcrm±M>^xxff^'m:^fvx:^. 
l: ^ ^ h J: ^ "^m-h ffhh. z.KC:>(Dmm 
i: im^mzmm-t hzuzxo. m\^mmmi,z 
i^^^mmmmmmznH-^ixhfz'^. zi-^^y^- 
mm\x^mi:xnmmmzmmr^zti?^x'^ h . 

^zEim^m,^xv^/^fz\i.^jVjm^t Lxnn-th 

mRiim. '<^\±iy') y y-(rmmf]'i:mmLfz'iA^±^-^ 
mn.mn.mi6iu/^fz(i.tm}^c^^^^~j^mzn^^ 

tSf« ffl I. ^ ^ h Cc J: 0 . M^^7)1^5^a^tc ^mzfih 

zi-T^ y^^'^mM^m'^^mmM^^.mz^SiU^-^ 
[00 27] i/c^K^— r ^ yy^Vic^miK^wmi 

VJ,±.<r)mf^'^^^X'hhZ.t Dmt. Lt^. 

C 0 0 2 8 ] ±id»o,??^:^5t^i^rn:^^i/'ca^co*i.;2A'& 

h^lzXix^f, mMM^^mz)&ULi'zl^^mi iPsf^ 

12) f)'^mm.^(riW.^:H\^izm-^Azn^^x'^ ^K^M.t-^ 

c 0 0 2 9 ] -fy, ±ie3?-T- >f y^'umcomxmm 

y^mz^K^x. mi{^ti\mco<^^m.^tLxnKt.fz\i 

[ 0 0 3 0 ] ^mB-f^^y LTii:. miDW^Jf^^Z 

i^^ih x^M tn^Lx. mmmim^^^zmx l fz^<i^ 
sii)mfS.T^ hm^Mi)<+^izmi5kT^ ^nmyjmx'h 

(^mmi^^mmLfz(^myjmmtL\^^t}\ (^s^i^^r- 

^<r>m^.f)^^^X'^i>j^.:hJ:U'^±'\±comA^'^. 35 

^mM.trz(,tyiii:}^n\mf^t LxmmLfz<^m-n^ 

[00 3 1] s /c±is=?--r ^ y^"SJi^cr)mi\^±^myj 
mifZ:hK^x . 'mmm)^(^nmmm^z<%i^\:^'xi:fix^n 
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(00 32) $ {i.hie li-r ^ yy^A^m\xiitm 
:fr?£(i^;v^T. im^iztmp^!^m<n'^mr\^ . ^-^ 
>r yy^^t^comm'^^^<7^^^mrv:^mz^mi-^j:oiz 

n . imp^(Dmt'^^'pjZ:^^^^^t:^:/j-xz.^j:mR 
i^s^:^~xi.z:^^izmm-thzti>'^mzKch. 

fzmm^^mm • ^±coWi'rj^L<^^m^^^i.zm7^T^ 

[00 351 5hiz±nio-r^ ^ yxm^mi^xfmm. 20 

izw^j^ifzm.^, {mmmm) ^^^t^Kcnmx^m^Mi.z 

^^i^m-thztizx 0 . Mizm.coi^^.^mmizmf&L 
fzmAiiLm^^mfKi^zmm^^zyi)^x-^^.. 0, 
^ yxmn^mmy:^^xA^mmzi^M-t^fz 
^izu. ±i^coxoiz^ tm^coii^i/ ih^^^m^i-) 
^mwizmmth z t i)^mmx-h 0 . ^(r>fci^tm>^(,z 
L fzm.^.^yt-^^KciiUX'mmx- . ^-r>minmT 

m'^mi. ^^mvtcD-^mm^co^mizo-^ ^ y^m 
^B^&Lfz^-r' ^ yi^'^^n<oim^<o!i^mm^M^.-t 
6mf*-Mmt. ^mm^.(0'i^mm^(D^^mz<^m»M 
^m,jmitL^x\^m{m<9i&'rh(%&mm.t . mmm 
>\^iiiji^f>zf±mMmtfzu^mmm^i^^'ir^:^m^ 

^m^^tz:mihzt^nmt-rhtcox\h*') . Jiieia 

BMmt tx/7'xj<-')~-^m^^rz^%-^izi,^. :^'x^^^ 

Rm-t^ZtmjtL^K 40 

[0037] ^/-±Er3— f ^ yi?"Si^mcomiKitU^m 

siizy ^-\</< y9L. Km^i^zn^-th^m^xax 
^fzimm^(^miL<^mm^nm't^j: o(,zmfS.-r^z 

[00381 $ ^^cc±ien--f ^ yys^ffcomx^mm 

mi^mfx-nm-t hzt tm ^ l v \ 

[ 0 0 3 9 1 ^/;:±ie3-r >f yy^^Vim\i^.*&MM^ 

mz^\\x. mMiLfzim^cni^m^mmmmzy ^ - 50 
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[004 0] $ ^(•ijiis=?--r ^ yxm^cr)m^.]±mm 
'^mziyK^x. u.^M^xni^-izm^.Lxmmi)'^m^ 
^^^imTimm-t^tzMz . m^m^(7)im^m^/fx/<- 
^-x-mjRthztfjmt LK\ mztm^comm\ 

>^<^)mmi:mtsXoiz3rmvi±.nm^rLXK^hztfy- 

[004 11 ±.imiK^^m^mz:h^^x . nm'^mz 
X -jxtm^<o9m{m'^^tk?^^ rih xBMt . ^^a^ 
mzx->x im)^co\Hmm\^^hm^ ^tih <%w^a t 
^'mixj^mmizKcht . fm>nmmcom^^\^(^z- 
j^<^i^fKmii)m^^rL. z<o'^M.JS,mii±m:mm^mz 
mm, ^tihi^f^i^^mz&ix't Lfzi)^->x tm.^\.zn 
L T mn:Mmm^z\fi \ ^^fmrnn^H- ^tihtz^. a - 
-r >r yxmc^ymxmi'i^Mmmzmrii^^zt^^X'^ 

[004 21 ■^fz}Ltm^^m.t'^:^'XJ<-i~-X^f^^ 

^^^^i^'^Yy-^ h^tifziiLmz^m^rLX^^^fz^^. 
fm)^i'Zr)\ ^x co^^^'^KcmjEfmi-m irmm-thzt 

-n^\.z^t-o xo^zmk^fvz^^hfz^. m^n^^^z 

[004 3] ^/cJ:ietS5S)^c7:if*l/^ltMf^l?IT1$fflLl* 

[0044 ] immz\^.h =7— r yyupi<mx^y^ 

wf^'A.'^xxjftmB.mzxiwt. r/-T->f yxuu(^m. 
mmL^(n\^^m\^z x-^xm^^ixh \^m,mu:mM. 
^^tz:<^m^w.^tm'^m^<^m^-n^\zm^^^ 

mm^mizm:}.Lrzi^&mmm^Tvn-T' ^ y 
x'm(nmx'\mi:m^mzm^x'^6-'ii. ^^mv:<^ 

<^fflm.i^ $r a3ffl-ti: Li^X F^ffiffl ^ i^fflt hZt^zX 

0. ±.m^fKmii:^.^Lfc^mX'^mzmfS,X^ . r? 

ct nmsm^m^wmti)^^m(z^j:i>. 

[004 5] 

[IfeBflco^tgcoiBgg] <Xtc. :$^mM(^zmha-^>{ yx 

(.z'o\.^xt^mm^^s-rtmmtmzMmiiztm't^. 

[004 6] 
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hh. $ i^i^z^ m3u\3^2i^z9n^1}l\^m(^mfl^^:9^:'r 
[004 7] 'tKj.^hh-^^m&mizi^^hzi-r- ^ > 

<7m!^j^WM^m. 1 ii. m^/^i^ ( i^d^p^ : \ n c o n 

EL- 7 3 8) /?^^f^Jc0 4'^fi)4i;^;>^SS1^2c/j^[iiCc 

^ {^^--t h wm:Kmm.Vk ^h-^mL. u^m^y^m 5 

L □ 9 a //Wl iet^^^ 4 C7)4^i^/?^ ^ V -t V $ iXfc 
fiSdSeg ^ fix fgRJt $ V . . 

^ L . I^J L mm V-r-'^y yx. y >'mc^Mm ( 1 20 
[004 9] _hie;^-XM-^~ ( g yy'^<-i—) 9tl 

msizx-yxp)m^tix^D , f^m=t-^~izx-yxm 

^^ix6txtc0Wf±t\lzX-^ XUm^ 4 cr)m~)f\^}iZf±m 
'i^MtfzU^\im^:^'^n^^iX^. ZCOXoKc^MRm 30 

mms r tti5-r^ ^tizxr^. m'^^i^<^m(,z\mm:n 
mttzo. nmcoxof^z^m^'^t^^^ti^xoKcm^iz 

[00 5 1] tfzWM.^ A(r>'iE^^^ X^Ui^Xf^ xfixix 

mf^'rhfzisb</^miiMim\i o^xx/m^^x xtK m 
^^A<r>mmM^m\>z\^\^-^hXoizwM.^rLh. c^m 
mm. 7 \±^'^m\k<^i^w^^Vi 2(7)^-^^ 6 \.z{^mmMt 

xu\\!,n{z^^'th^<%mj^r<n'i^j^^m'xi'thrz^^^ 4o 

X<n') y7"j\-i~-9[z^ (CH4 ) t^mM 

tLxcnmm (02 ) h<r)W^^%^&:i^thmmt^m 

[00 5 2] ^hiz^ m^^l l^zX^mH^ixtzUM 
^(nWUt.fz\,m^(r)r'-9 . m^i^m\ I OizX-^x 

m^^.Mztm^Acni^jn.T-9 . ^Mni 2, 1 st- 

cfc '^xt\m^ixfz<%m:r.rcn'{^^^'-9{±. %mmn 1 

il. SiWHSS 1 5{j:C:iX^OT-:^tlSo'V^TlS^fr4 50 



mi2 00 3-3 1 5 25 3 

1 0 

(c m <^ ^ ii -!> f^ffi^Ms^ n- 4 i7)^^fii i (ill? ® >tcov^.g 
mm^Wii'thXo\,zm^^ix^. 

[005 3] *:^B^:&ib/}^"3--r >f > 7-^W<7)tafg;< 7^ 
-Xl.i:iTmz%W,Lfzi^^.. ^, y^mc^M 

??mtn^^mmm^mi)(^-thm^iz^m^^-t h t pm 
Ltz^m^mA{ztb^6bx^^^. xmz wmf± ^ 
V ^y^t hixh^m^z--jK »T(5 . ¥i^xm-^ X — 
"vtrnT^i-h--}^. w^^mm'^^.zA-^^Kmm^^fz'mm 
(coi^rti. ^^^.LX'^^.LtzzL<'K^mm'f't Lx^m 

[ 0 0 5 4 ] 134 o (C . mW. 

n^cr)^mmm{z^m^^thm'^\,±. zi-^iyym 
izm^^ixh^^mmixh^ . }T.v^xtm^com%, m 
im^z {m i~ h \Mm^^xj^ . im.)^(r)U.^miixh h 
tprntx^^h. \^fzf)^'ox. ^yyuvi<^mm. 

tz\^mmi^tm^mm(^m^'nmz^m't h:zt^zx 

ym(r}WJM'^^^'mnmzm\J^x ^h:it^zKch. 
[00 5 5] Lf)-h\^z-Ar^mmm^z{^.h ^ y9'^n 
cryWi^zmmmm. i^z^v^x. i]w^Mm.'5\.zx->xtm 

^-)imz-i^(7:ii^mif)miii^ix. 

mm^iz B^^ixh K^secc ififttt- l o x 

htz^. zi-r- < yy'm3crmxn'^^^nmzm\'^-t 

[0056 1 ^ fz±M.mWhmm. 5 X/ N- 9 TIS 
fiJc^ii. z</^f} XJ\-''y—9a^if x^X^^l.n9 ^it^m 
tltm^A (/-y^^t-c^^y^-vV ^tifz{im^z^m^ix 
X^^^htz^. IS®lA-4CCO\,^Tc07fe^6<)^LBflft§ll l$r 

-t^^hh. fj'y^^\~'y-9{±um^A(rywmnf^uo:>%^ 

l5\^(0^'\LAiLmj-h^VtLtzT7}\tLmzWM^ix. 
-i''-9cr>m^cO:f17\\:K^^LU9 a.¥m{^^m^^\^ 

^zm-ox o\^zmi^ixx\^hfz^. nmnm,mzm^ 
tm\m^m^'^m^x^m^-th;L>ii)^x'^ h , 

[0057] 

umm \ ] -If, ktnmit Lxvt^c^yi^—^'-iim 
-n^^mmLfzmxitum^mmLfz. -tKc^-h. n 

d : YAGl/--^- : 8 0 OW. A.^SrJ^ : 

i3 0Mw/m2 ) ^miLX3^m:Z3-'f- ^ y^'mmi^ 
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